The fifth metatarsal is the most commonly fractured metatarsal in the foot, comprising approximately 70% of all metatarsal fractures; such fractures are relatively common in young athletes.^[@bibr22-2325967120912423]^ Dr Robert Jones^[@bibr10-2325967120912423]^ first described fractures of the proximal aspect, or base of the fifth metatarsal, in 1902. The radiographic anatomy of the fracture is crucial for treatment decisions, as not all fifth metatarsal fractures are considered "Jones fractures." Fractures can be classified using the Torg classification as follows: type I, fracture on the lateral aspect of the tuberosity, extending proximally into the metatarsocuboid joint; type II, Jones fracture, beginning laterally in the distal part of the tuberosity and extending obliquely and proximally into the medial cortex at the fourth and fifth metatarsal base articulation; and type III, fracture distal to the fourth and fifth metatarsal base articulation. Lawrence and Botte^[@bibr14-2325967120912423]^ also classified these fractures based on the zone of injury: proximal tuberosity avulsion fractures caused by excess inversion of the foot (zone I), metaphyseal-diaphyseal junction (zone II), considered true "Jones fractures," and diaphyseal fractures, distal to the fourth and fifth metatarsal articulation (zone III). More recent studies^[@bibr1-2325967120912423],[@bibr12-2325967120912423]^ have included both zone II and zone III fractures when describing Jones fractures, as they have similar healing patterns, with a high risk of nonunion.

The delayed and decreased healing rates of zone II and zone III fractures are attributed to the anatomy of the blood supply of the fifth metatarsal. A "water-shed" area is present at the metaphyseal-diaphyseal junction, as the base of the metatarsal is perfused by metaphyseal arteries that enter at the base, whereas the nutrient arteries enter the proximal shaft and provide retrograde perfusion to the metaphyseal-diaphyseal junction.^[@bibr24-2325967120912423]^ To further complicate this matter, the nutrient artery that supplies the watershed area is often compromised by zone II and zone III fractures.^[@bibr3-2325967120912423],[@bibr24-2325967120912423]^ Athletes are especially susceptible and predisposed to nonunion and refracture because of the excessive repetitive stress the bone must endure. Kavanaugh et al^[@bibr11-2325967120912423]^ and DeLee et al^[@bibr4-2325967120912423]^ reported a high rate of delayed union or nonunion in athletes treated nonsurgically.

Intramedullary fixation in the treatment of Jones fractures is accepted among team physicians as the standard of care in elite athletes to optimize outcomes and expedite return to play.^[@bibr2-2325967120912423],[@bibr5-2325967120912423],[@bibr7-2325967120912423],[@bibr9-2325967120912423],[@bibr12-2325967120912423],[@bibr17-2325967120912423]^ A 2011 systematic review^[@bibr26-2325967120912423]^ reported that operative fixation with intramedullary screw fixation results in faster time to union and faster return to play with fewer complications compared with nonoperative management. Despite early surgical fixation and improvement in surgical techniques, the published nonunion and refracture rate of 4%-12% persists.^[@bibr18-2325967120912423],[@bibr23-2325967120912423]^ While it has become widely accepted that operative fixation facilitates an early return to sport, there is limited information on when an athlete is deemed ready to return to play without compromised fracture healing. Some authors^[@bibr7-2325967120912423],[@bibr13-2325967120912423],[@bibr23-2325967120912423]^ have hypothesized that surgical failure is the result of returning to vigorous activity too soon. However, even in studies^[@bibr8-2325967120912423],[@bibr9-2325967120912423],[@bibr23-2325967120912423],[@bibr28-2325967120912423]^ with prolonged protected weightbearing postoperative protocols, a high ratio of patients with nonunions and refractures was demonstrated. Controversy persists among physicians and sports medicine teams on the timing of return to play and the ideal postoperative protocol.

The purpose of this study was to report our experience of early return to sport in collegiate athletes after intramedullary screw fixation of Jones fractures.

Methods {#section1-2325967120912423}
=======

Institutional review board approval was obtained for this study. A retrospective review of the injury database of 2 collegiate athletic programs treated by our practice was performed, and all patients with fifth metatarsal fractures from August 1994 through December 2015 were identified. Inclusion criteria were as follows: age ≥18 years, skeletal maturity, collegiate-level athlete at time of injury, surgical fixation with intramedullary screw, and a fifth metatarsal Jones fracture (Lawrence and Botte zone II and zone III, Torg III^[@bibr27-2325967120912423]^) as identified on anteroposterior (AP), lateral, and oblique radiographs. All operative fractures included in the study were complete, acute fractures as indicated radiographically; no stress reactions or stress fractures were treated operatively and included in this series. Individuals were excluded if they had a previous injury to the ipsilateral foot.

Return to play was defined as competing in intercollegiate competition (in-season athletes) or full participation in practice/training without limitations (out-of-season athletes). This was documented prospectively by athletic training staff in the National Collegiate Athletic Association (NCAA) injury database at the collegiate institutions. Certified athletic trainer records from each university were used to identify athlete characteristics, length of follow-up at the university, and any complications after surgical fixation.

Operative reports of all the included patients were reviewed. Details of fracture morphology, and implant details, including manufacturer, type (solid, cannulated, or variable pitch compression screw), and screw diameter, were recorded.

After the retrospective review, attempts were made to contact each patient to request new foot radiographs and participation in an online survey. The survey included the Foot and Ankle Ability Measure (FAAM),^[@bibr16-2325967120912423]^ which is divided into activities of daily living and sports subscales, as well as a brief questionnaire specific to our study (see [Appendix](#app1-2325967120912423){ref-type="app"}).

Surgical Technique {#section2-2325967120912423}
------------------

All surgical procedures were performed by 1 of 2 authors (S.M. or L.B.). The surgical technique used by each surgeon was identical, although the implant of choice differed over the 23-year study collection period. All cases were performed utilizing a percutaneous intramedullary screw fixation under fluoroscopy guidance. After identification of the base of the fifth metatarsal and the fracture site, a small incision was made at the base of the fifth metatarsal at the intersection of the peroneus brevis and tertius tendon. Blunt dissection was used to create a soft tissue plane. A guide wire was then inserted to the tip of the base of the fifth metatarsal in line with the intramedullary canal in multiple planes. Placement was confirmed with AP, lateral, and oblique views. The wire was advanced across the fracture site down the intramedullary canal in a trajectory that would not penetrate the cortical bone. The canal was then prepared with drills and taps according to the technique of the specific implant chosen in each case, with a goal of placing a screw diameter large enough to adequately control the distal segment with evidence of torque on the fifth metatarsal shaft during tap and screw placement. A depth measurement was taken from the wire, and a screw of the appropriate length was selected to allow for the longest screw possible without hitting the far cortex when using variable pitch screws. For partially threaded screws, solid or cannulated, a screw length long enough to ensure that the threads would all be past the fracture site to achieve lag screw fixation was selected. Implants included standard AO cannulated screws (stainless steel; Synthes), variable pitch headless compression screws (titanium; Acumed), or solid Jones fracture--specific screw systems (titanium; Arthrex). Care was taken in all cases to obtain intramedullary fixation on AP, lateral, and oblique views, with adequate screw fixation distal to the fracture site.

Postoperative Protocol {#section3-2325967120912423}
----------------------

Postoperative rehabilitation was divided into 5 phases, as outlined in [Table 1](#table1-2325967120912423){ref-type="table"}. Patients progressed through each phase sequentially based on proper technique and tolerance of the additional workload. Rehabilitation was focused on ensuring the maintenance of proper gait, with gradual progression of workload while maintaining conditioning in anticipation of return to full participation. Throughout this process, the athlete was allowed to participate in all team weight-lifting sessions in a modified manner, to maintain upper and lower body strength. The time required to progress through each phase was athlete dependent, but it was generally 4-7 days. Of note, our protocol includes a bone stimulator to promote healing and decrease the recovery time in this challenging fracture pattern and patient population. Routine radiographs to document fracture healing were not routinely taken unless the athlete's symptoms were not progressing and pain was not decreasing appropriately with attempted return to play or full training by 6-8 weeks postoperatively.

###### 

Postoperative Rehabilitation Protocol for Jones Fractures

![](10.1177_2325967120912423-table1)

  5 Phases of Postoperative Rehabilitation for Jones Fractures Protocol   
  ----------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Phase I                                                                 Immediately postoperation. Patient allowed toe-touch weightbearing as tolerated in a walking boot and crutches. Discontinued use of crutches as soon as tolerable. Patient is to use the bone stimulator twice a day and perform 4-way (plantarflexion, dorsiflexion, inversion, and eversion) ankle-resisted exercises twice a day (3 sets of 20 reps).
  Phase II                                                                Patient is advanced to full weightbearing in a walking boot. Use of the bone stimulator and ankle exercises are continued twice daily. Patient trains with underwater treadmill once a day for 20 min at a speed of 2.5-3.0 mph (water depth is chest height). Speed of the treadmill, amount of jet water resistance, and decrease in water depth are advanced as tolerated. By the end of phase II rehabilitation, patient should be able to do interval training for 20 min at waist-depth water. An example of interval training protocol is as follows: 60 seconds at 5-6 mph pace followed by 90-second run at 7-8 mph with jet resistance at approximately 45%-60% weightbearing.
  Phase III                                                               Walking boot discontinued and replaced with cross-training shoes with orthotic or rigid inserts. Exercises are progressed to single-leg calf raises, dorsiflexion stretching exercises, and single-leg proprioception exercises. Progression to full weightbearing straight ahead running is continued. At the end of phase III, athlete is progressed to limited change of direction and position-specific drill work in cross-training shoe. Bone stimulation and resistance ankle exercises continued twice daily.
  Phase IV                                                                Patient is allowed to use cleats with orthotic or rigid inserts. Full weightbearing running at full intensity is combined with change of direction and position-specific drill work. Single-leg plyometric exercises are added. Continued use of bone stimulator, resisted ankle exercises, single-leg calf raises, dorsiflexion stretching exercises, and single-leg plyometric exercises. The goal of phase IV rehabilitation is limited return to participation in practice.
  Phase V                                                                 Patient is advanced from limited practice to full participation. Continued use of bone stimulator 2 times a day and all rehabilitation exercises until asymptomatic.

Results {#section4-2325967120912423}
=======

During the study period, 27 athletes were treated with surgical fixation of Jones fractures; however, 2 athletes were excluded based on previous injuries to the ipsilateral foot, giving a total study population of 25 athletes. One patient fractured both of his fifth metatarsals during his collegiate career, and therefore, a total of 26 fractures were included in this study. The study group was made up of 22 male and 3 female athletes, with an average age of 20 years (range, 18-23 years) and an average body mass index (BMI) of 28.4 (range, 21.6-38.7). The study sample consisted of 14 football players (56%), 2 basketball players, 7 soccer players (28%), 1 volleyball player (4%), and 1 tennis player (4%).

Surgical fixation was achieved with intramedullary screw fixation in all cases. Implants included 10 partially threaded cannulated screws, 13 cannulated variable pitch screws, and 3 solid screws. The screw type was chosen based on patient anatomy and surgeon preference and evolved over the 23 years of the study period. See [Table 2](#table2-2325967120912423){ref-type="table"} for details on screws utilized for fixation.

###### 

Screw Types

![](10.1177_2325967120912423-table2)

  ----------------------------------------------------------------------------------
  Screw Type (Material)                                  n (%)         Screw Sizes
  ------------------------------------------------------ ------------- -------------
  Partially threaded cannulated (stainless steel)        10/26 (38%)   2-4.0 mm\
                                                                       8-4.5 mm

  Variable pitch headless compression screw (titanium)   13/26 (50%)   10-4.7 mm\
                                                                       3-5.5 mm

  Solid (titanium)                                       3/26 (12%)    2-4.5 mm\
                                                                       1-5.5 mm
  ----------------------------------------------------------------------------------

All study athletes returned to play within 6 weeks of surgery, at an average of 3.6 weeks (range, 1.5-6 weeks). In-season fractures made up 61% of the total. The average return to play for in-season injuries was 3 weeks (range, 2-4.5 weeks). Out-of-season athletes returned to full activity at an average of 4.6 weeks (range, 3-6 weeks). The breakdown of timing of return to play is displayed in [Figure 1](#fig1-2325967120912423){ref-type="fig"}.

![Number of athletes who returned to play by weeks after surgery. All midweek returns were rounded up to the nearest full week.](10.1177_2325967120912423-fig1){#fig1-2325967120912423}

No surgical wound complications or infections were recorded. Zero nonunions or malunions were identified radiographically or reported symptomatically. Of the 26 screws, 3 (11%) screws were removed because of soft tissue irritation. All 3 screws were partially threaded cannulated screws with a standard head, and the surgeries were performed early in the study period (1990s), prior to current screw technology and the availability of fracture-specific screws. Only 1 athlete (4%) suffered a refracture. Six months after the initial surgery in this patient, the screw was removed because of soft tissue irritation. The athlete then refractured the same fifth metatarsal 1 year from the initial injury and was treated a second time with revision intramedullary surgical fixation, returning to play within 2 weeks of surgery. He participated in the study survey and reported no other problems with his foot in the 16 years since his surgery.

One 4.0-mm cannulated screw was incidentally identified as broken on an ankle radiograph at 1 year postoperatively, but on further foot imaging, the fracture was healed and the athlete was playing NCAA Division I basketball without lateral foot symptoms. We were unable to obtain an updated radiograph of this player during the study, but she was able to complete the FAAM study forms, where she reported minimal symptoms at 9-year follow-up (86% on the FAAM sports subscale and 100% on the FAAM activities of daily living subscale). In addition, this player has been playing professionally for 7 years and continues to be asymptomatic. The only other incidence of broken hardware was a 4.5-mm cannulated screw identified in the study follow-up, with bridging callous and no appreciable fracture line visible on the radiograph taken for study purposes at 12 years postoperatively. The patient had completed his athletic career without any significant further foot pain or limitations and reported FAAM scores of 100% on the sports subscale and 100% on the activities of daily living subscale. [Table 3](#table3-2325967120912423){ref-type="table"} summarizes the complications.

###### 

Complications (N = 26 Patients)
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  Complication                                         n (%)
  ---------------------------------------------------- --------
  Hardware removal because of soft tissue irrigation   3 (11)
  Refracture                                           1 (4)
  Broken hardware                                      2 (8)
  Wound complications                                  0
  Infections                                           0

A total of 20 former athletes with 21 fractures (84% of the total fractures included) participated in the patient survey, imaging, or both. Nineteen athletes (76% of the total athletes included) completed the FAAM at an average follow-up of 8.6 years (range, 1.5-20 years). Patients scored an average of 94.9% (range, 70.2%-100%) for the activities of daily living subscale and 89.1% (range, 42.9%-100%) for the sports subscale. When participants were asked to rate their current level of function during usual activities as a percentage of their preinjury level, they reported an average 93.9% (range, 70%-100%), with 14 of the 19 athletes reporting \>95% of preinjury function. When asked to rate their current level of sports activity as a percentage of their preinjury level, participants reported an average of 90.3% (range, 40%-100%), with 11 of the 19 athletes reporting \>95% return of athletic function. [Table 4](#table4-2325967120912423){ref-type="table"} summarizes the results of the patient-reported outcomes.

###### 

Patient-Reported Outcomes (n = 19)*^a^*
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  Outcome Measure                            Average Score (Range)
  ------------------------------------------ -----------------------
  FAAM activities of daily living subscale   94.9% (70.2%-100%)
  FAAM sports subscale                       89.1% (42.9%-100%)
  Percentage of preinjury daily function     93.9% (70%-100%)
  Percentage of preinjury sports function    90.3% (40%-100%)

^*a*^ FAAM, Foot and Ankle Ability Measure.

Long-term follow-up radiographs (\>1 year) were obtained on 14 of 26 (54%) fractures at an average of 6.5 years postoperatively (range, 1.2-16.5 years). Of those who participated in the survey or had long-term follow-up radiographs (84%), there were no reported refractures or additional surgery of the included fifth metatarsal.

Discussion {#section5-2325967120912423}
==========

In our cohort, we did not observe any nonunions or fracture-related complications after Jones fracture fixation, with an accelerated average return to play of 3.6 weeks (\<6 weeks for all athletes). While an early return to play without radiographic evidence of union remains controversial, we only observed 1 refracture (4%), and this was 1 year from the initial injury and after the screw had been removed for soft tissue irritation 6 months after the primary fixation procedure. Even if this is considered a true refracture, our results did not demonstrate a higher refracture rate than previous studies in high-level athletes returning to play.^[@bibr7-2325967120912423],[@bibr9-2325967120912423],[@bibr12-2325967120912423],[@bibr18-2325967120912423],[@bibr23-2325967120912423]^ These studies described a much longer recovery before return to sport than we describe in our current protocol, but failed to demonstrate superior outcomes.

Debate continues among team physicians about when athletes should be allowed to return to play and what criteria must be met. Our protocol for 22 years has been to use clinical progression of symptoms as the guide for return to play, and this study demonstrates excellent clinical results with this. We believe that our results are related to early stable surgical fixation combined with routine bone stimulator use as well as a defined protocol of progression based on symptoms that allows the athlete to return to play quickly and safely. While most authors advocate for radiographic evidence of healing before return to play, the results still vary. Glasgow et al^[@bibr8-2325967120912423]^ reported on a series of fractures in athletes treated with 4.5-mm malleolar screws, and early return to play was associated with delayed union and refracture, suggesting the screw diameter did not provide sufficient support to allow healing. Wright et al^[@bibr28-2325967120912423]^ reported 6 refractures upon return to play despite all athletes showing radiographic healing before return to play. Lareau et al^[@bibr12-2325967120912423]^ hypothesized that this high rate may have been related to the use of 4.0- and 5.0-mm cannulated intramedullary screws that were undersized. However, in our series, similar cannulated 4.0- or 4.5-mm implants were used in 38% of our cases, and we did not observe the same complications.

A variety of implants were utilized over the long study period reported in this series. Based on biomechanical studies demonstrating the superior strength of solid, indication-specific screws, previous authors have advocated for their use.^[@bibr20-2325967120912423],[@bibr21-2325967120912423],[@bibr25-2325967120912423]^ While we currently prefer indication-specific screws, we observed excellent early return to play and long-term results with a low complication rate in our series, despite 38% of implants being cannulated screws and 50% being variable-pitch screws. This again points to accelerated rehabilitation and progression based on symptoms as the key factors for successful return to play in our study, as opposed to implant selection alone. Nagao et al^[@bibr19-2325967120912423]^ reported findings similar to ours in a series of Jones fractures in athletes treated with headless compression screws and an early return to running at an average of 6 weeks.

Our study is not the first to describe return to play based on clinical symptoms. A study by de Oliveira Massada et al^[@bibr6-2325967120912423]^ reported good results with 100% union rate in a series of 15 high-level athletes. The authors used the absence of pain on clinical examination and during physical activities to indicate that an athlete was ready to return to sport, even in the absence of radiographic union. This series of athletes, a large majority of whom were soccer players, had an average return to play of 7.5 weeks (range, 2-12 weeks). Lareau et al^[@bibr12-2325967120912423]^ also concluded that "physical examination and ability to return to play are as important as degree of radiographic healing" when determining the timing of return to play and reported an average return to play of in-season National Football League athletes of 8.7 weeks (range, 5.9-13.6 weeks).

Several authors have attempted to identify factors that contribute to poor outcomes in Jones fractures in athletes. Lee et al^[@bibr15-2325967120912423]^ found, in a large series of 163 elite athletes, that high BMI and radiographic protrusion of the fifth metatarsal head have a significant association with refracture after surgery and recommended that these athletes return to sport more slowly. The average BMI of athletes in our study was 28.4, with excellent results.

This study has several strengths. First, the study period over 22 years is the longest published series we are aware of, with an average follow-up greater than 8 years and 26 fractures included. Our patient population consisted of high-level collegiate athletes across a variety of sports and included both male and female patients; return-to-play data were accurately recorded prospectively into a database by athletic trainers. Also, 2 experienced surgeons who work closely together, with the same surgical indications, performed the same surgical technique for all procedures.

We acknowledge the limitations of our study, most obviously the limitation of retrospective review of our clinical experience. Also, there was a lack of routine and long-term radiographic follow-up on 46% of patients, although 76% completed patient-reported outcomes. Altogether, 21 of 25 (84%) patients were reached for the study follow-up, and based on the excellent outcome scores reported, we feel it is safe to assume there were no hardware complications or nonunions that radiographs would have elicited. In addition, most complications should have been evident in this patient population at short-term follow-up during their collegiate athletic career, while they were being treated exclusively by our practice. Additional limitations include the use of variable implants and the absence of a control group.

Conclusion {#section6-2325967120912423}
==========

Our study demonstrates that operative treatment of athletes with acute Jones fractures and a symptom-guided rehabilitation program allows athletes to return to play quickly without significant risk. In our experience, and based on the results presented in this study, most (81%) returned to play in less than 5 weeks. Not only does this protocol result in early return to play, but it has demonstrated successful long-term outcomes as well.
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Jones Fracture Questionnaire

1.  Participant name:\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_

2.  Age at time of injury (Jones fracture):\_\_\_\_\_\_\_

3.  College year at time of injury

    a.  Redshirt freshman

    b.  True freshman

    c.  Sophomore

    d.  Junior

    e.  Senior

4.  In what sport were you participating at the time of injury?

    a.  Baseball

    b.  Basketball

    c.  Cross-country

    d.  Football

    e.  Golf

    f.  Rowing

    g.  Soccer

    h.  Tennis

    i.  Track and field

    j.  Volleyball

    k.  Other (please specify):\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_

5.  How many years did you participate in your sport while at the university?

    a.  One

    b.  Two

    c.  Three

    d.  Four

    e.  Five

6.  Did you break your foot in practice or competition?

    a.  Practice

    b.  Game/competition

    c.  Other (please specify):\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_

7.  What playing surface were you on at the time of injury?

    a.  Grass

    b.  Artificial turf

    c.  Wooden floor (basketball/volley court)

    d.  Concrete/asphalt

    e.  Other (please specify):\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_

8.  In your opinion, were you able to recover to your competitive level before injury?

    a.  Yes, full recovery

    b.  No

9.  If you answered no to question 8, please specify how your injury affected your competitive play

    a.  Time off for recovery

    b.  Pain

    c.  Foot numbness

    d.  Refracture

    e.  Other (please specify):\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_

10. Since having surgery to treat the fracture, have you injured your foot?

    a.  Yes (please explain):\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_\_

    b.  No
